Group 10 allergens (tropomyosins) from house-dust mites
may cause covariation of sensitization to allergens from
other invertebrates
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ABSTRACT

Group 10 allergens (tropomyosins) have been assumed to be a major cause of cross-reactivity between house-dust mites
(HDMs) and other invertebrates. Despite all of the published data regarding the epidemiology, percent IgE binding and level
of sensitization in the population, the role of tropomyosin as a cross-reactive allergen in patients with multiple allergy syndrome
still remains to be elucidated. Homology between amino acid sequences reported in allergen databases of selected invertebrate
tropomyosins was determined with Der f 10 as the reference allergen. The 66.9 and 54.4% identities were found with selected
crustacean and insect species, respectively, whereas only 20.4% identity was seen with mollusks. A similar analysis was
performed using reported B-cell IgE-binding epitopes from Met el (shrimp allergen) and Bla g7 (cockroach allergen) with other
invertebrate tropomyosins. The percent identity in linear sequences was higher than 35% in mites, crustaceans, and
cockroaches. The polar and hydrophobic regions in these groups were highly conserved. These findings suggest that tropomyosin
may be a major cause of covariation of sensitization between HDMSs, crustaceans, and some species of insects and mollusks.

(Allergy Rhinol 3:e74-e90, 2012; doi: 10.2500/ar.2012.3.0036)

he role of house-dust mites (HDMs) as a major
source of multiple allergens that sensitize and
induce rhinitis, asthma, or atopic dermatitis in a large
portion of the population is well established.'”* They
belong to class Arachnida. Most notable are the species
from families Pyroglyphidae, Glycyphgidae, Echy-
mopodidae (HDMs), Acaridae, and Chortoglyphidae
(storage mites),” reported for the first time in 1964 by
Voorhorst and coworkers.® There are >24 groups of
dust-mite allergenic proteins” (Table 1).
Cross-reactivity is said to have occurred when an
antibody, originally raised against one allergen, binds
to a similar allergen from another source.® The inci-
dence of cross-reacting allergens has often been re-
ported in epidemiological studies or clinical observa-
tions.” ! Cross-reactivity between allergens may cause
“covariation of sensitization,” i.e., a higher observed
frequency of sensitization to two or more allergens
than the expected frequency. Our understanding of the
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cross-reactivity between HDM allergens and other al-
lergens has markedly increased, but it is still limited;
thus, it is of clinical interest to know whether or how
HDM sensitization changes patients” reaction to aller-
gens from other sources. HDM sensitization has been
suspected to cause or worsen food allergy (snails and
crustaceans), inhalation allergy (other mites and cock-
roach), and local skin reactions (scabies),'? for snails,
crustaceans, cockroaches, silverfish, chironomids, and
various other mites, a covariation of sensitization to
HDM often exists."> Cross-reactivity of shrimp with
other crustaceans and nonedible arthropods such as
cockroaches or dust mites is caused by the similarity of
tropomyosin in these organisms.'* We used the bioin-
formatics approaches and allergenic databases to iden-
tify and study molecular similarities of tropomyosin
allergen family as a potential cause of cross-reactivity
and covariation of sensitization in multiple allergy syn-
drome. The prevalence of tropomyosin allergy has
been reported by many researchers. A comprehensive
review of the studies is presented in Table 2."°*

HDM GROUP 10 ALLERGENS: TROPOMYOSINS

Among the allergen groups of HDM, group 10 aller-
gen is a muscle protein: tropomyosin.*® It is present in
all eukaryotic cells associated with the thin filament in
muscle and microfilament in many nonmuscle cells.
Besides its role in the contractile activity of these cells
it also helps in regulation of cell morphology and mo-
tility. Tropomyosin (Pfam code PF00261) is one of the
few groups of Pfam database proteins that comprise of
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Table 2 A comprehensive review of prevalence studies of tropomyosin sensitization

Allergen Sources Tropomyosin (T) (T) Sensitization No. of Allergy Countries References
Prevalence (%) Patients
HDMs r Der p 10 9-18 243 Europe 15
r Der p 10 5.6 71 Spain 16
r Der £ 10 3 31 Japan 17
n Der f 10 80
Storage mites r Blo t 10 29 93 Singapore 18
rLep d 10 13 136 Sweden 19
Cockroaches rBlag?7 16.2 37 Korea 20
rPera?7 414 29 Spain 21
Silverfish rlepsi 21 42 Italy 22
Chironomids r Chi k 10 81 21 Korea 23
Anisakis simplex r Anis 3 13 62 Spain 24
Snails r Hel as 1 18 Not available Spain 16
Shrimp Parf1 70 10 Taiwan 25
Penm 1,Penb 1, 71.4% 35 Brazil 26
Metb 1 &
Metj 1

Table format adopted from Ref. 27.

HDMs = house-dust mites; v = recombinant. For additional abbreviations, see Appendix A.

a large number of reported allergens, most of which
are from invertebrate sources,'* hence considered in
literature as a pan-allergen.” Several tropomyosin iso-
forms have been found in different species, tissues, and
cell varieties.”

The purified natural tropomyosin on SDS-PAGE has
an average molecular weight (MW) of 37 kDa,'” having
high frequency of glutamate, glutamine, arginine, and
methionine and lowest mean frequency for cysteine
and proline. Mature proteins from group 10 have 284
amino acids. The predicted isoelectric point ranges
from 4.3 to 4.5. Each polypeptide is an a-helix; two
parallel a-helical tropomyosin molecules form a
coiled—coil structure containing two sets of seven al-
ternating actin-binding sites.'"*?" Sequence identity
within the eight mite tropomyosins is 84.2%, which is
higher than any other allergen (Fig. 1), whereas 75%
sequence homology to other arthropods with high im-
munologic cross-reactivity to shellfish and other inver-
tebrate tropomyosins has also been reported.'* Being a
calcium-binding protein, tropomyosin can be purified
from crude mite extract by eluting with CaCl, buffer
(0.5 M solution of CaCl, in 0.02 M Tris-HCI) in p-
aminobenzamidine column.*®

Many reports suggest tropomyosin to be an impor-
tant component of immune and allergic reac-
tions.'®'819:2432737 Der £10 was the first allergen to be
reported in the HDM tropomyosin group. The aller-
gen gave a high IgE-binding frequency (80.6%), com-
parable with that of Der fl1 (90.3%) and Der f2
(74.2%). Forty-six percent of patients tested had pos-
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itive skin reactions to Der f10.>> Two recombinant
Blomia tropicalis tropomyosins have been reported,
with IgE-binding frequencies of 29 and 20%.'® Der
p10 has a derived MW of ~33 kDa consisting of a
15-residue signal peptide.’!

Native Der p10 (nDer p10) showed 0% IgE-binding
frequency,”® whereas in another study 16.7% positive
reactivity was reported.”” Recombinant Der p10 (r Der
p10) gave 5.6% IgE-binding frequency in HDM allergy
patients.>® Another study indicated that rDer p10 was
recognized by 15.2% of HDM-allergic patients.*’ Ty-
rophagus putrescentige tropomyosin (Tyr p10) shared
64-94% amino acid sequence identity with previously
known allergenic tropomyosins. Recombinant Tyr p10
showed 12.5% IgE-binding reactivity.*' In sheep scab
mite Psoroptes ovis tropomyosin homolog Pso o 10 was
found to have an MW of 38 kDa. It is among the three
most immunodominant allergens in sheep, having al-
lergenicity and structure similar to other mite tropo-
myosins. One expressed sequence tag of P. ovis, named
Pso-tropo-1 (accession no. BQ834874), showed 98% ho-
mology to Dermatophagoides farinae tropomyosin.*> A
study of recombinant tropomyosin allergen of Lepi-
doglyphus destructor (rLep d 10) revealed 13% IgE-bind-
ing frequency.

Positive covariation of sensitization between HDM
and Sarcoptes scabiei is known through studies in which
higher prevalence of HDM sensitization was reported
in scabies patients compared with controls*** and
HDM-sensitized patients with no history of scabies
were seen to have a positive skin test to S. scabiei more
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Figure 1. Amino acid sequence align-
ment: comparison of Der f 10 allergen
with major group 10 allergens from
mite species using the clustalo algo-
rithm. With 240 identical (*), 26 con-
served (:) and 6 semiconserved (.) po-
sitions the identity is 84.2% (UniProt
FASTA). For abbreviations refer to

Appendix A.
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frequently than the controls.*” In animal subjects (rab-
bits) 71% protection from scabies infection was ob-
served after IgE immunization with HDM.*® Although
tropomyosin allergen in S. scabiei has not been re-
ported, Tarigan47 described an allergen of ~35-kDa
MW (SDS-PAGE) causing hypersensitivity in sensi-
tized animal subjects. Additional investigations are
needed to confirm this protein to be tropomyosin and
its role in cross-reactions between HDM and S. scabiei.

TROPOMYOSIN ALLERGEN GROUPS IN OTHER
INVERTEBRATES

In mollusks and other arthropods such as shrimp,
lobster, crayfish, crabs, locusts, flies, and silverfish,
tropomyosin has been classified as group 1 aller-
gen”*®% and group 7 in cockroaches.”* There is
evidence of tropomyosin being an important allergen
in crustaceans such as spiny lobster (Panulirus stimp-
soni, Pan s1), lobster (Homarus americanus, Hom al),”%°!
North Sea shrimp (Crangon crangon, Cra c1),°* sand
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shrimp (Metapenaeus ensis, Met el),>* crab (Charyabdis
feriatus, Cha f1),°! etc. In mollusks tropomyosin has
been characterized in squid (Todarodes pacificus, Tod
pl),53 snails (Turbo cornutus, Tur c1),** and oyster (Cras-
sotrea gigas, Cra g1).°> Among the insects, tropomyosin
was identified in cockroaches®: Blatella germanica (Bla
g7) and Periplaneta americana (rPer a7); chironomids,
e.g., Chironomus kinesis (Chi k10)*' and silver fish, i.e.,
Lepisma saccharina (Lep s1).*

CROSS-REACTIVITY OF TROPOMYOSIN
ALLERGENS IN HDM AND CRUSTACEA

A large variety of shellfish are used for human
consumption. Litopenaeus vannamei is the most
widely cultured shrimp species in the world.”® The
Food and Agriculture Organization/World Health
Organization (WHO) has categorized crustaceans
such as shrimp, lobster, crab, efc. among the major
allergenic foods.”” Research has indicated that the
major allergen of shellfish is tropomyosin.>> Among
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13 allergens studied from Penaeus aztecus Pen al was
found to show 82% binding frequency.”® Lin and
coworkers™ studied 10 patients with allergy to a
shrimp species: Parapenaeus fissurus. A 39-kDa pro-
tein (Par f1) was found to give positive immunoblot
in 70% of the patients.

Sequence homology of M. ensis (Met el) and Pen il
with allergens from other sources was studied by Re-
ese and colleagues.”” They found 98% homology of
both of the allergens with Hom al (Atlantic lobster),
98% with Pan sl (spiny lobster), 82% Per a7 (American
cockroach), and 81% with Der p10 (HDM). Hom a I
from the H. americanus and Pan sl from P. stimpsoni
showed deduced amino acid sequence homology to
shrimp tropomyosin. The major allergens of the crab
Charybdis feriatus (Cha f1) and lobsters (Pan sl and
Hom al) also show significant homology to Met el.”
Pan s1, Hom al, and Met el were found to be the major
immunogenic allergens in patients with shrimp al-
lergy.®® It is the most dominant allergen in shrimp and
other crustaceans, with a prevalence of sensitization
varying from 72 to 100%.°" In 1998 Rao and colleagues
identified two shared IgE-binding B-cell epitopes cor-
responding to 47-63 and 150-158 of the deduced ami-
no-acid sequence of M. ensis and Penaeus indicus. The
thermal stability and IgE binding of tropomyosin in
raw and boiled shrimp extracts were compared using
L. vannamei. The boiled tropomyosin had a lower sta-
bility and percent IgE binding than the protein from
raw shrimp.®>® Iparraguirre and colleagues showed
that tropomyosin is involved in covariation of sensiti-
zation to crustaceans in mite-allergic patients.®* A 20-
kDa novel protein has also been reported as a source of
cross-reactivity between shrimp and HDM.*

In an epidemiological study with 48 patients aller-
gic to “shellfish” 82% appeared to be sensitized to
HDM as well.®® In a study of 17 HDM allergy pa-
tients receiving immunotherapy, 3 were IgE " against
shrimp and two of them had IgE against tropomyo-
sin.®’ One hundred times higher inhibition of IgE
binding of boiled shrimp (C. crangon) extract was
observed with mite extract (Dermatophagoides pteron-
yssinus) when compared with tropomyosin-depleted
shrimp extract.’” The IgE-binding capacity of Ger-
man cockroach (B. germanica) extract was totally
abolished by boiled Atlantic shrimp (Pandalus borea-
lis) extract, indicating strong cross-reactivity of
shrimp allergens to cockroach sensitization.®”

In a group of 55 dust-mite-allergic patients tropomy-
osin-specific IgE for shrimps (rPen al, nPen il, andn-
Pen ml), HDM (rDer p10), and German cockroach
(nBla g7) were measured. Two recombinant allergens,
rTyr pl0 and rPer a7, were used to investigate the
cross-reactivity. The basophil histamine release assay
showed that 11/13 patients were sensitive to tropomy-
osin, 8/13 to rDer p10, and 7/13 to nBla g7 and nPen
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ml. Immunodot study showed that there were 8/13
patients sensitive to rPer a7 and 7/13 patients sensitive
to r'Tyr p10. Tropomyosin-specific IgE was detected in
23.6% of Der p-sensitive patients.®® Shrimp-allergic pa-
tients showed 52-88% inhibition of IgE binding to
oyster extracts by shrimp extracts using radioaller-
gosorbant test inhibition of serum pool from four oys-
ter-sensitive individuals.®””° Inhibition of IgE binding
to shrimp extract by clam extract showed similar in-
hibitory potency as shrimp.”"

A recent study described that among 93 HDM al-
lergy patients (identified through skin-prick test, aller-
gen-specific IgE, and intranasal provocation) only 4
(4.3%) patients” sera had IgE antibodies to HDM tro-
pomyosin (Der p 10), 2 of those 4 patients (50%)
showed symptoms of allergy (itching/swelling of oral
mucosa and bronchial obstruction) after consumption
of shrimp, indicating that cross-reactivity to tropomy-
osin in HDMe-allergic patients in southern Bavaria,
Germany, is rarer than suspected.””

CROSS-REACTIVITY OF TROPOMYOSIN
ALLERGENS IN HDM AND MOLLUSCA

During the past 10 years available information about
tropomyosin allergens has been limited to those of
crustaceans but much remains to be investigated on the
mollusks tropomyosin. Bivalves including clams and
oysters are widely eaten as food in many parts of the
world such as Europe, China, and Korea.

Sequence alignments show that tropomyosin of clam
(Sinonovacula constricta) has a 65-72% homology with
other mollusks tropomyosin.”® In Europe, where snails
are consumed as food, cross-reactivity between HDM
and snail allergens has been reported.”*””® Covariation
of sensitization to snail was observed in 31% of HDM-
allergic children in a randomly selected population,
where 50% of these children had never eaten snail.”
The eating of snails by HDM-snail-allergic patients
may lead to severe symptoms: asthma, anaphylactic
shock, generalized urticaria, and/or facial edema.*"”®”

On the other hand, there are many studies suggest-
ing allergens other than tropomyosin as the basis of
cross-reactivity.”***®! Several allergic fractions with a
wide MW range (15-250 kDa) in gastropod allergy
were observed. D. pteronyssinus extract inhibited the
IgE binding to a 75-kDa protein, possibly Der p4.%
B-cell epitopes of C-terminal region of Tur cl, the
tropomyosins of the snail T. cornutus, are different
from those identified in Pen al.*® An immunologic
study of snail allergy identified two protein bands, one
at 55 kDa and the other at 95 kDa, eliminating Der p10
as a possible cause of sensitization in patients.*

There are many reports of cross-reactivity between
HDM and other mollusks species but no evidence of

tropomyosin as the cross-reactive allergen is recog-
nized 13,54,61,70,82—-84
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germanica extract and 63.3% by D. farinae extract. Na- © S =
tive tropomyosin inhibited the binding of IgE to the P. S |BIm¥uAR| S
fuliginosa, B. germanica_, and 2? farinae extracts by 65.0, g 55553 (= ':%
51.8, and 39%, respectively. = 5
Covariation of sensitization between cockroaches & §
and HDMs was reported in some studies,®®®’ whereas - § £
other studies omitted possibilities of any link between _2 = < L0
. o0on L =) FEFALS LA L S
the two organisms. The clinical importance of the g SIS R
cross-reactivity between cockroaches and HDMs is un- S 9 A 2 :§ 2
. . =
known. Many studies have emphasized a need for &~ §*§ Z
developing better diagnostic tests that are more spe- L Sl
cific and safer for the patients.”>”* Els<a <= = _wo|lSSH
. g 2 U QWO A S5 )
Humans are also exposed to other insects such as L. = i 0 RERAB R
e . ; : S|= = Ao agaaal®,
saccharina (silverfish) and chironomids (flies). Allerge- & ~ R Il I =
P . . . L)
nicity of tropomyosin from L. saccharina (Lep sl) in 2 N
rLep s1”° and from midge (C. kinesis) Chi k10* has Bl = < 0= 8§ =
. . . =% o EINL | IS
been reported. Nine allergens with 22 isoforms have olag ST NESD|I TSR
been listed in the Allergome database for midge (Chi- = UE) 2 RRZK % 3 E SS
ronomus thummi).*> There are conflicting reports about g - cgo <0od OON S
covariation of sensitization to HDM and silverfish as S S % I
well as chironomids. Although some studies have re- g SRR = g =
ey . . . . : : 192}
ported positive results,**”*"” there are studies rejecting & .5 o 2 © 3 o8 % § &=
the idea of covariation between HDMs and these ar- E|lR 2T NN 5 < =
| Y a0 O RS FWIE T,
thropods.”®? 8|z 20 E SXDREeQ|TEE
. . S
The role of tropomyosin as a cross-reactive allergen = < < ;:L' % % ’2:5 ZE w50 §
was studied in Brazil. The sera from 119 Ascaris [um- = S E =
bricoides—infested children and 112 patients from cock- <‘t: o83
roach allergy were reacted with tropomyosin monoclo- S g co cool|>% &
. . g . I ) S o=3=T %
nal antibody. A significantly strong correlation was o| &80 o a® "5 aso|SEl
found for IgE antibodies to tropomyosin from A. lum- % e o 2 s Sp > e % =
.. . . ! 2] — -
bricoides and P. americana in the results. The authors =10 < AAUBAEUIR ==
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Aimnl: 0.15152
Pervl: 0.16041

|—‘_‘— Cragl: 008422
Todpl: 0.09612

BgTMI:0.08891
Helasl: 0.05750
Turcl: 0.00478
Haldl: 0.02262

C Homal.01: 0.00911
Chafl: 0.02498
C Cracl: 0.00399
Panbl: 0.01010

"L_ Proc): 0.01694
Pansl: 0.00495
l— Sinc]: 0.01223

- Metel: 0.00239

Figure 2. Phylogenetic tree based on
aligned tropomyosin proteins from inver-

tebrates.'** For abbreviations, see Appen- |Penal: 00800
dix A. Penl: 0.00000

proposed further cohort studies to establish clinical
relevance of the findings.'®

ANALYSIS OF TROPOMYOSIN ALLERGEN
FAMILY

Methodology

Amino acid sequences of the tropomyosin proteins
from selected species of mites and other invertebrates
to which humans are exposed through air and food
were searched and aligned in the National Centre for
Biotechnology Information Blast (protein) database.
Using Der f10 as the reference sequence, analysis with
each invertebrate group was performed on the web-
site’”! to obtain a pairwise comparison of Der f10 with
each sequence in the groups. Group alignment was
performed in UniProt FASTA using Clustalo (clustal
omega) algorithm.'**

Results

The results of this analysis are summarized in Tables 3
and 4. Analysis of tropomyosin in mites show a close
evolutionary relationship (refer to E10000 values in Table
3). The sequence homology indicators show a close rela-
tionship among the members of this group. Tropomyosin
from HDM:s is evolutionarily closer to each other than to
the storage mites (Fig. 2). Comparing Der f10 pairwise
with the members of phylum Crustacea showed percent
identity in the range between 81 and 83.5%. Among
phylum Insecta silverfish and midges seem to be dis-
tantly related to mites, showing comparatively low per-
cent homology and higher E (10000) score. Species of the
phylum Mollusca generally had a low percent homology
(all values below 66%).

There was 84.2% sequence identity (240/284) among
HDMs (Fig. 1). Taking Der f10 and Der p10 sequences
as a reference from mites, clustalo was performed with
each group. The comparison revealed 66.9, 54.4, and
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Leps1: 0.19873

Glyd10: 0.05187
Lepd10: 0.01151
Blotl0: 0.02025

Chik10: 0.07928
S
Peral: 0.01523

20.4% identical positions with Crustacea, Insecta, and
Mollusca, respectively (Figs. 3-5).

COMPARISON OF IgE-BINDING EPITOPES

Methodology

Some of the reported IgE-binding epitopes from in-
vertebrate tropomyosins™*“’ were aligned with the se-
lected species of mites and other invertebrates to de-
termine sequence similarities, polar and hydrophobic
regions,which contribute in the final tertiary folding of
a protein molecule. According to WHO guidelines,
sequence identity >35% is a realistic cutoff value to
achieve sequence specificity.'*

Small areas of amino acid sequence that bind to the
IgE from allergy patients’ sera constitute the IgE-bind-
ing epitopes. It has been purposed that sequence and
structural homology in IgE-binding epitopes may ac-
count for cross-reactivity among allergens belonging to
the same protein family (Pfam)."* Most of the IgE-binding
epitopes that have been reported, to date, are linear or
continuous allergen-specific motifs (ASMs), identified by
experimental techniques such as tryptic digestion.”®

Rao and colleagues reported two IgE-binding B-cell
epitopes from shrimp species P. indicus and M. ensis.”
These sequences were aligned with the selected inver-
tebrate tropomyosins in UniProt alignment tool and
striking similarities were observed.

Results

Peptide 1 “"MQQLENDLDQVQESLLK” correspond-
ing to 47-63 amino acids showed 47% identity with
other crustaceans and mites, and a low percent identity
value of 29.4 and 5.8% with insect and mollusks, re-
spectively, was observed. It was further noted that
polar and hydrophobic regions coincided more among
crustacea and mites (Fig. 6).
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Peptide 2

MEATKKKMOAMKLEKDNAIDRAE TAEQKARDANLRAEKSEEEVRALOKKIQQIENELDQV

MDATKKKMOAMKLEKDNAMDRADTLEQONKEANNRAEKSEEEVF SLOKRMOOLENDLDSV
MDAIKKKMOAMKLEKDNAMDRADT LEQONKEANNRAEKSEEEVHNLQKRMOQLENDLDQV
MDATKKKMOAMKLEKDNAMDRADT LEQONKEANNRAEKSEEEVFGLOKKLQOLENDLDSV
MDATKKKMOAMKLEKDNAMDRADTLEQONKEANNRAEKSEEEVHNLOQKRMOQOLENDLDQV
MDAIKKKMOAMKLEKDNAMDRADTLEQONKEANIRAEKTEEEIRITHKKMOQVENELDQV

RAEKAEEEVHNLOKRMQQLENDLDQV
MDATKKKMOAMKLEKDNAMDRADTLEQONKEANLRAEKTEEE IRATQKKMOQVENELDQA
MDATKKKMOATKLEKDNAMDRADTLEQONKEANIRAEKAEEEVHNLOKRMOHLENDLDQV

Rk s k. Wke cokk EEhkkokEN. ske ek sk kR
. . B . . sELLELS . .

QEQLSARNTKLEEKEKALQTAEGDVARLNRRIQLIEEDLERSEERLKIATAKLEEASQSA
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QESLLKANIQLVEKDKALSNAEGEVAALNRRIQLLEEDLERSEERLNTATTKLAEASQAR
QESLLKANNQLVEKDKALSNAEGEVARLNRRIQLLEEDLERSEERLNTATTKLAEASQAR
QEALLKANAHLEEKDKALSNAEGEVARLNRRIQLLEEDLERSEERLNTATTKLAEASQAR
QESLLKANIQLVEKDKALSNAEGEVARLNRRIQLLEEDLERSEERLNTATTKLAEASQAR
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QEQLSAANTKLDEKEKALONAEGEVAALNRRIQLPEEDLERSEERLNTATTKLAEASQAR
QESLLKANTQLEEKDKAISNAEGEVARLNRRIQLLEEDLERSEERLNT.
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Figure 3. Amino acid sequence align-
ment: comparison of Der f 10 and Der
p 10 allergens with major tropomyo-
sin allergens from crustacean species
using the clustalo algorithm. With
190 identical (*), 37 conserved (:), and
7 semiconserved (.) positions the iden-
tity is 66.9% (UniProt FASTA). For
abbreviations, see Appendix A.

(below 35% WHO limits), but S. constricta tropomyosin

amino acid sequence) was found to be more species spe-
cific; identical sequences were common within the spe-
cies (Fig. 6). The “peptide 2” sequence was 100% identical
in crustaceans; however, analysis with insect and mite
tropomyosins indicated 55.5 and 66.6% identity. Further-
more, in mollusks there was 33.33% sequence identity
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Sin ¢ 1 did give a high percent identity at both peptides 1
and 2 sites. Surprisingly, the polar and hydrophobic re-
gions of the peptide 2 sequences were 100% similar in
crustaceans, insects, and mites and in mollusks the first
amino acid place in the sequence showed variation in
polar and hydrophobic groups. Peptide 2 may be a good
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Figure 4. Amino acid sequence align-
ment: comparison of Der f 10 and Der
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p 10 allergens with major tropomyo-
sin allergens from insect species using
the clustalo algorithm. With 155 343
identical (*), 60 conserved (:), and 16 ~ 241
semiconserved (.) positions the iden-
tity is 54.4% (UniProt FASTA). For 241
abbreviations, see Appendix A.

candidate for the development of an immunotherapy
drug for shrimp allergy.”

A similar analysis was performed with five reported
B-cell IgE-binding epitope regions™ from German
cockroach (B. germanica) tropomyosin. In the first
epitope Epi 1°%%%°2% strikingly high percent identity
(75%) was seen in the mites’ group 10 allergens with
Bla g7 because reference sequence (Fig. 7) polarity
differences were only seen at the third and tenth amino
acids places in the sequences. Crustacean percent iden-
tity was below 35% and polar/hydrophobic similari-
ties were also low. In the insect group Per a7 sequence
was 100% identical to Bla g7.

Despite dissimilarities in the other two species the po-
lar and hydrophobic amino acid positions were 100%
conserved. In mollusks, again, the identity was found to
be 18.75% far below the cutoff line of permissible limit.

The analysis of Epi 2 (88-102) also gave surprising
results. One hundred percent identical polar and hy-
drophobic regions were observed with mites and an
overall identity of 93.3% that was even higher than
the percent identity within the insects (46.6%). The
identity score with mollusks again remained low. In
Epi 3 (135-155) 66.6% identity was found between
Bla g7 and mite tropomyosins. There were more
polar sites in the mite allergens compared with the
reference sequence of epitope 3. Among the crusta-
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ERAEAGEAKIVELEEELRVVGNNLKSLEVSEEK!NQREEEYKNQIKTLTTRLKEAEARAE
SR aRREERRKE RAKK KRR RERAARE: K Kk ro kk:

241 FAERSVOKLOKEVDRLEDELVHEKEKYKSISDELDQTFAELTGY- 28
FAERSVOKLOKEVGRLEDELVHEKEKYKSISDELDQTFAELTGY- 284
FAERSVOKLOKEVDRLEDELVHEKEKYKYICDDLDMTFTELIGN- 284
241 FAERSVOKLOKEVDRLEDELVHEKEKYKFICDDLDMTFTELAGY- 28
241 YAEKYVKKLOKEVDRLEDELGINKDRYRALADEMDQTFRELSGY- 284
FAERSVOKLOKEVDRLEDELVSEKEKYREIGDDLDTAFVELILKE 285

sk EoRRKEREF KEEERK

= e o ok R K

Derf10
Derpl0
Blag?7
Pera?
LepsI
Chik10

ke ake + Keow ﬁ *x
H - HH - HEOE - 5O

ceans this was a highly conserved region except for
Tod p1 and Hel as 1 (refer to Appendix A for names).
The group gave 47.6% identity with Bla g7 differing
at the first and the last position in the amino acid
sequence. In the insect analysis the silverfish (Lep s1)
tropomyosin was the odd one, despite that the per-
cent identity was 66. 6%. Epitope 4 (189-202) of Bla
g7 was 92.9% identical to the mite group. Only in Blo t 10
the first polar amino acid was substituted by another
(polar) amino acid, but polar/hydrophobic regions
were 100% conserved. High percent identities were
also observed with crustaceans and insects. Analysis of
individual sequences shows that some species of Crus-
tacea, Insecta, and Mollusca share 100% similarity in
Epi 4 region. Epi 5 (250—281) constitutes a long se-
quence with three sub epitopes 5a, b, and c. The 5a
region (250-261) was highly conserved in all groups
giving a 100% identity (excluding Gly d 10). Analysis
of the whole length of this fragment also gave signifi-
cantly high percent identity values (all >35%). These
two regions seem to be good candidates for the devel-
opment of some common diagnostic test marker of
cross-reactivity.

DISCUSSION AND CONCLUSION

Potential cross-reactive allergens often have very
similar sequences.'”'*> Thus, to determine potential
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Figure 5. Amino acid sequence align-
ment: comparison of Der f 10 and Der
p 10 allergens with major tropomyo-
sin allergens from mollusk species us-
ing the clustalo algorithm. With 58
identical (*), 36 conserved (:), and 7
semiconserved (.) positions the iden-
tity is 20.4% (UniProt FASTA). For
abbreviations, see Appendix A.

cross-reactivity among allergens, the initial step is to
decide the degree of similarity between them.'* Pro-
teins with primary and tertiary structure homology
and identical IgE-binding epitopes show allergenic
cross-reactivity. Smith et al. showed that the allergenic
cross-reactivity between Der p 2, Der f 2, and Eur m 2
occurred because of conserved antigenic surface, whereas
the lack of cross-reactivity with Lep d 2 and Tyr p 2 may
be a result of the multiple amino acid substitutions across
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the protein surface.'”® Cross-reactivity is frequently ob-
served in taxonomically related mite species. High struc-
tural homology present between allergenic proteins from
apparently unrelated sources of exposure seem to play an
important role in IgE-mediated poly sensitization and
covariation of sensitization. These proteins have been
referred to in literature as “pan-allergens.” The muscle
protein tropomyosin is one example that accounts for
most of the allergenic cross-reactivity in mites with other
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Figure 6. IgE-binding epitope (peptide 1, 47-63, and peptide 2, 150-158) from Met e 1 aligned with species of invertebrates (a, mites; b,
crustacea; ¢, mollusks; and d, insects). Conserved polar regions have been highlighted (UniProt FASTA). For abbreviations, see Appendix A.

invertebrates.* The authors proposed that exposure and
sensitization to a particular food allergen may ultimately
lead to sensitization to certain aeroallergens, thus, result-
ing in the development of sensitization to both foods and
inhalants in the same patients. Cross-reactivity among
tropomyosins in different invertebrate species has also
provided explanation for some unusual observations of
reactivity in the absence of sensitization.

Bioinformatics approaches and allergenic databases
are now strong tools that help to identify molecular
similarities of allergen to provide explanation for clin-
ically observed cross-reactivity and covariation of sen-
sitization.'” ! Furmonaviciene and Shakib analyzed
three-dimensional structures of group 1 allergens
showing a common motif to study their common aller-
genic properties.''” The frequency of charged and po-
lar residues is an important factor in determining the
allergenicity of the molecules.'”® Tropomyosins are
highly conserved in invertebrates (Table 4) and are
among the major allergenic proteins causing a signifi-
cant proportion of invertebrate allergies.”> Tropomyo-
sin has been suggested to be the cross-reacting allergen
between shellfish, insects, and mites. Our analysis has
provided a detailed picture of group 10 allergens from
mites and a comparison with selected invertebrate spe-
cies. Based on this analysis we conclude that tropo-
myosins from mites, many crustaceans that are eaten
as food, and some domestic insects such as cockroaches
are structurally very similar. They share similar IgE-
binding epitopes and therefore may be a cause of clin-
ically reported cross-reactivity. Although our analysis
was based on linear sequence of IgE-binding epitopes,
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a significant similarity in polar and hydrophobic re-
gions may help in predicting ASMs.

Percentage homology does not necessarily indicate
similarity in percentage IgE-binding frequency. Der f
10 shows 98% homology with Der p 10. Aki et al.
showed 81% IgE binding in Der f 10,*° and Weghofer
and colleagues found 0% IgE-binding frequency
with nDer p 10 in 10 patients and a higher reactivity
(9-18%) was reported with r Der p 10 30. An aller-
genic recombinant Der p 10 was shown to share
>65% identity with other invertebrate tropomyosins
and showed cross-reactivity with shrimp antitropo-
myosin.?! The storage mite allergens Blo t 10 and Lep d
10 show 95.8% identity with Der f 10 (Table 3) but their
recombinant allergens r Blo t 10 and r Lep d 10 only gave
29'® and 13%" IgE-binding frequency, respectively. Very
little data are available testing any cross-reactivity among
the group 10 allergens in mite species. Although at indi-
vidual levels these allergens do not show high IgE bind-
ing, their striking structural similarities might provide
some clue for covariation of sensitization.

Sequence similarity per se does not mean that the
proteins will cross-react; it is therefore necessary to
investigate and study the tertiary structural features of
the allergenic proteins and their nonallergenic counter-
parts to get an insight to allergen cross-reactivity. Ter-
tiary folding in an allergen molecule leads to the for-
mation of IgE-binding epitopes; thus, similarity in
folding may result in cross-reacting allergens. A paral-
lel input from experimental data through functional
proteomics and motif-based prediction through bioin-
formatics is required to sketch a better picture of aller-
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Figure 7. Analysis of IgE-binding epitopes of Bla g 7 (Blatella germanica tropomyosin) with selected invertebrate species. Conserved polar
regions have been highlighted (UniProt FASTA). For abbreviations, see Appendix A.

genic cross-reactivities. Although there is enough evi-
dence of clinically relevant cross-reactivity between
HDMs and at least some species of shrimps and insects
being caused by tropomyosin, the enormity of the prob-
lem still remains to be determined. Bioinformatics data-
base and tools available today may be helpful in identi-
fying homologies and predicting tertiary structure of
allergenic proteins belonging to biochemically and func-
tionally similar protein families, thus characterizing the
cross-reactive epitopes for their common diagnosis and
development of common immunotherapies.
Tropomyosins are highly conserved in inverte-
brates and are among the major allergenic proteins
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causing a significant proportion of invertebrate al-
lergies. Our analysis has provided a detailed picture
of group 10 allergens from mites and a comparison
with selected invertebrate species. Based on this
analysis we conclude that tropomyosins from mites,
many crustaceans that are eaten as food, and some
domestic insects such as cockroaches are structurally
very similar. They share similar IgE-binding epitopes and
therefore may be a cause of clinically reported cross-
reactivity. Although our analysis was based on lin-
ear sequence of IgE-binding epitopes, a significant
similarity in polar and hydrophobic regions may
help in predicting ASMs.

Fall 2012, Vol. 3, No. 2



APPENDIX A

List of Invertebrate Species and Their Tropomyosin Allergens Used in This Article

Organism Biological Name Tropomyosin Allergen
Crustacea
Lobster Homarus americanus Hom a 1.0101
Northern shrimp Pandalus borealis Panb1
Black tiger shrimp Penaeus monodon Penm1
Brown shrimp Penaeus aztecus Penal
White shrimp Litopenaeus vannamei Litv1
North Sea shrimp Crangon crangon Cracl
Crayfish Procambarus clarkii Proc1
Spiny lobster Panulirus stimpsoni Pans1
Indian shrimp Metapenaeus ensis Mete 1
Crab Charyabdis feriatus Chafl
Insecta
German cockroach Blatella germanica Blag?7
American cockroach Periplaneta Americana Pera?7
Midges Chironomus kinesis Chik 10
Silverfish Lepisma saccharina Leps1
Mollusca
Clam Sinonovacula constricta Sinc1
Brown garden snail Helix aspersa Hel as 1
Freshwater snail Biomphalaria glabrata BgTM 1
Squid Todarodes pacificus Todp 1
Abalone Haliotis diversicolor Hald1
Scallop Mimachlamys nobilis Mimn 1
Tropical green Perna viridis Pervl
Mussel
Pacific oyster Crassotrea gigas Cragl
Horned turban snail Turbo cornutus Turcl
Mites
House-dust mites Dermatophagoides farinae Der £ 10
House-dust mites Dermatophagoides pteronyssinus Der p 10
Sheep mites Psoroptes ovis Psoo 10
Storage mites Glycyphagus domesticus Gly d 10
Storage mites Lepidoglyphus destructor Lepd 10
Storage mites Tyrophagus putrescentiae Tyrp 10
Storage mites Blomia tropicalis Blot10
Storage mites Chortoglyphus arcuatus Cho a 10
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